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ANNULUS PRESSURE OPERATED 
DOWNHOLE CHOKE AND ASSOCIATED 

METHODS 

BACKGROUND OF THE INVENTION 

The present invention relates generally to testing and 
sampling operations performed in subterranean Wells and, in 
an embodiment described herein, more particularly provides 
an annulus pressure operated doWnhole choke and associ 
ated methods. 

In a conventional ?uid sampling operation performed for 
a subterranean Well, a sample chamber is attached to a 
tubing string and positioned Within the Well in order to take 
an in situ sample of the ?uid ?oWing through the tubing 
string. Preferably, the sample is taken in relatively close 
proximity to a formation from Which the ?uid originates. 
Additionally, it is generally desired to take the sample in 
steady state ?oW conditions and at a ?uid pressure greater 
than the bubble point of any oil in the sample. 

To achieve the desired ?uid pressure at the doWnhole 
sample chamber While the ?uid is ?oWing through the tubing 
string, a choke is typically installed at the earth’s surface and 
connected to the tubing string to restrict ?uid ?oW through 
the tubing string at the earth’s surface. HoWever, due to the 
usually great distance betWeen the choke and the formation 
and resulting Wellbore storage effects, the desired steady 
state ?oW is not established until a substantial amount of 
time after ?oW through the choke is commenced. If a sample 
is taken during this long period of unsteady ?oW, the sample 
may include proportions of oil and gas Which are unchar 
acteristic of the formation ?uid and, therefore, impair any 
analysis of the formation relating, for example, to optimum 
rates of production from the formation, etc. 

Furthermore, it is at times helpful to take additional 
samples at differing doWnhole ?uid pressures, differing ?oW 
rates, etc., in order to more accurately analyZe the formation, 
predict the optimum rate of production, etc. In these situa 
tions a corresponding additional choke having a different 
?oW restriction is installed at the earth’s surface prior to 
taking each of the additional samples. Unfortunately, each 
time an additional choke is installed, a substantial period of 
time must again elapse before steady state ?oW conditions 
are established. 

The expense of performing these operations could be 
signi?cantly reduced if an apparatus and/or method Were 
developed to minimiZe or eliminate the time period spent 
Waiting for ?oW conditions to stabiliZe at the sample cham 
ber. Thus, from the foregoing, it can be seen that it Would be 
quite desirable to provide a choke Which may be installed in 
the tubing string in close proximity to the sample chamber, 
thereby substantially eliminating the effect of Wellbore stor 
age on ?uid ?oW through the choke. In addition, it Would be 
desirable to control the doWnhole choke using ?uid pressure 
applied to the annulus at the earth’s surface, and to alter 
nately provide substantially unrestricted ?oW and restricted 
?oW through the choke. It Would also be desirable to provide 
methods Whereby a doWnhole choke may be operated by 
application of annulus pressure, and methods Whereby mul 
tiple doWnhole chokes and multiple sample chambers may 
be installed in the Well to enhance analysis of the formation. 
It is accordingly an object of the present invention to provide 
such a doWnhole choke and associated methods of using 
same. 

SUMMARY OF THE INVENTION 

In carrying out the principles of the present invention, in 
accordance With an embodiment thereof, a doWnhole choke 
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2 
is provided Which is actuated by annulus pressure applied 
thereto, utiliZation of Which permits greatly reduced or 
eliminated periods of time betWeen restricting ?uid ?oW 
from a formation and stabiliZing that ?uid ?oW. The choke 
has one con?guration in Which substantially unrestricted 
?uid ?oW is permitted therethrough, and a con?guration in 
Which the ?uid ?oW is restricted. Associated methods are 
also provided. 

In broad terms, a doWnhole choke is provided Which 
includes a housing and an axial ?oW passage formed there 
through. Aportion of the ?oW passage has interchangeable 
?oW areas. The ?oW areas are interchanged by applying ?uid 
pressure to the exterior of the housing. In this manner, the 
restriction to ?uid ?oW through the choke may be controlled 
from the earth’s surface. 

In another aspect of the present invention, a doWnhole 
choke is provided Which includes a closure member posi 
tionable relative to a ?oW passage extending axially through 
a tubular outer housing. The closure member is selectively 
positionable in one position in Which it permits substantially 
unrestricted ?uid ?oW through the ?oW passage, and another 
position in Which the closure member permits restricted ?uid 
?oW through the ?oW passage. 

In a described embodiment, the closure member is a 
spherical member having several openings formed there 
through. One opening has a diameter Which is approxi 
mately equal to the diameter of the ?oW passage, and so, 
When that opening is aligned With the ?oW passage, ?uid 
?oW is substantially unrestricted. Another opening has a 
diameter Which is smaller than the ?oW passage diameter, 
thereby restricting ?uid ?oW When this other opening is 
aligned With the ?oW passage. 

Additionally, the smaller opening may be formed through 
a separate ?oW restrictor attached to the closure member. In 
this manner, the ?oW restrictor may be replaced conve 
niently Without replacing the entire closure member, the 
?oW restrictor may be made of a special erosion resistant 
material, and various opening diameters may be provided on 
various ?oW restrictors so that a desired ?oW restriction may 
be obtained as needed. 

In yet another aspect of the present invention, a time delay 
mechanism is provided in a doWnhole choke. The time delay 
mechanism is used to provide a time delay betWeen actua 
tion of the choke and return of the choke to substantially 
unrestricted ?oW therethrough. A ?uid sample may be taken 
during the time delay. The choke conveniently and auto 
matically returns to substantially unrestricted ?oW there 
through upon expiration of the time delay. 

In a method of performing a sampling operation disclosed 
herein, multiple doWnhole chokes and multiple sampling 
chambers are interconnected in a tubing string and posi 
tioned Within a Wellbore. One of the chokes is actuated and 
a ?rst ?uid sample is acquired While ?oW is restricted 
through the choke. Another one of the chokes is then 
actuated and a second ?uid sample is acquired While ?oW is 
restricted through that choke. By con?guring each of the 
chokes to have a different restriction to ?uid ?oW 
therethrough, the samples are indicative of doWnhole ?uid 
properties at different rates of production, ?uid pressures, 
etc. 

These and other aspects, features, advantages, bene?ts 
and objects of the present invention Will become apparent to 
one of ordinary skill in the art upon careful consideration of 
the detailed description of representative embodiments of 
the invention hereinbeloW and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A—1E are quarter-sectional vieWs of successive 
axial sections of an annulus pressure operated doWnhole 
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choke embodying principles of the present invention, the 
doWnhole choke being shoWn in an open con?guration 
thereof; 

FIGS. 2A—2E are quarter-sectional vieWs of successive 
axial sections of the doWnhole choke of FIGS. 1A—1E, the 
doWnhole choke being shoWn in a choke con?guration 
thereof; 

FIGS. 3A—3E are quarter-sectional vieWs of successive 
axial sections of the doWnhole choke of FIGS. 1A—1E, the 
doWnhole choke being shoWn in a reopened con?guration 
thereof; 

FIGS. 4A—4G are partially elevational and partially cross 
sectional vieWs of successive axial sections of another 
annulus pressure operated doWnhole choke embodying prin 
ciples of the present invention; 

FIG. 5 is a cross-sectional vieW of the doWnhole choke of 
FIGS. 4A—4G, taken along line 5—5 of FIG. 4D; and 

FIG. 6 is a schematic representation of a subterranean 
Well, Wherein methods of using an annulus pressure oper 
ated choke are performed. 

DETAILED DESCRIPTION 

Representatively illustrated in FIGS. 1A—1E is an annulus 
pressure operated doWnhole choke 10 Which embodies prin 
ciples of the present invention. Although the choke 10 is 
shoWn in successive axial sections, it is to be understood that 
it is actually a continuous assembly. In the folloWing 
description of the choke 10 and other apparatus and methods 
described herein, directional terms, such as “above”, 
“beloW”, “upper”, “loWer”, etc., are used for convenience in 
referring to the accompanying draWings. Additionally, it is 
to be understood that the various embodiments of the present 
invention described herein may be utiliZed in various 
orientations, such as inclined, inverted, horiZontal, vertical, 
etc., Without departing from the principles of the present 
invention. 

The choke 10 includes a generally tubular outer housing 
assembly 12 Which radially outWardly surrounds an internal 
axial ?oW passage 14 extending therethrough. When inter 
connected in a tubing string (not shoWn in FIGS. 1A—1E), 
the How passage 14 is in ?uid communication With the 
interior of the tubing string. The choke 10 also includes a 
closure member 16 disposed Within the outer housing 
assembly 12 and Which is displaceable relative to the How 
passage 14 to selectively restrict ?uid ?oW through the How 
passage. 

The outer housing assembly 12 includes an upper sub 18, 
a closure housing 20, an actuator housing 22, an interme 
diate housing 24, a piston housing 26 and a loWer sub 28. 
The upper and loWer subs 18, 28 are con?gured for threaded 
and sealing attachment of the outer housing assembly 12 at 
its opposite ends to a tubing string in a conventional manner. 
In addition, each element of the outer housing assembly 12 
is threadedly and sealingly attached to at least one of the 
other elements, so that the outer housing assembly forms a 
generally continuous ?uid tight envelope about the How 
passage 14. 

The closure member 16 is representatively illustrated as a 
spherical element or ball, Which is displaceable relative to 
the How passage 14 by rotating the ball. HoWever, it is to be 
clearly understood that other types of closure members may 
be utiliZed in place of the ball 16, and other manners of 
displacing the closure member, may be utiliZed Without 
departing from the principles of the present invention. For 
example, a gate-type closure member, Which is displaced 
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4 
laterally relative to the How passage 14, could be used in a 
choke constructed in accordance With the principles of the 
present invention. 

Rotation of the ball 16 is accomplished by axially dis 
placing an opposing pair of actuator sleeves 30 (only one of 
Which is visible in FIG. 1B) relative to the closure housing 
20. Each of the actuator sleeves 30 has an inWardly extend 
ing projection 32 formed internally thereon Which engages 
an obliquely oriented receptacle 34 formed on the ball 16. 
This manner of rotating a ball Within a housing by axially 
displacing a sleeve and/or projection engaged thereWith is 
Well knoWn to those of ordinary skill in the art and is utiliZed 
in conventional items of equipment, such as tester valves, 
retainers, etc. having ball valves therein. 
As shoWn in FIGS. 1A—1E, the choke 10 is in an open 

con?guration thereof. The ball 16 is positioned so that an 
opening 36 formed therethrough is generally axially aligned 
With the How passage 14. The opening 36 has a diameter and 
How area Which are approximately equal to those of the How 
passage 14. Thus, in the open con?guration, the opening 36 
permits substantially unrestricted How of ?uid through the 
How passage 14, that is, the opening does not present a 
signi?cant restriction to ?uid ?oW therethrough. 

It Will be readily appreciated that the opening 36 forms a 
portion of the How passage 14 in the open con?guration of 
the choke 10 representatively illustrated in FIGS. 1A—1E. As 
Will be more fully described hereinbeloW, the ball 16 has 
additional openings formed therein With different diameters 
and How areas Which may also form portions of the How 
passage 14 When the ball is appropriately positioned. Thus, 
the How passage 14 has a portion thereof With interchange 
able ?oW areas, depending upon the orientation of the ball 
16 relative thereto. 
The outer side surface of the ball 16 is sealingly engaged 

by axially opposing circumferential seats 38, 40. The upper 
seat 38 is internally and sealingly received in a generally 
tubular upper seat retainer 42, Which is threadedly and 
sealingly attached internally to the upper sub 18. The upper 
seat retainer 42 has a series of axially extending and cir 
cumferentially spaced apart splines 43 formed externally 
thereon Which engage complementarily shaped splines 45 
formed internally on the closure housing 20. The splines 43, 
45 prevent radial displacement of the upper seat retainer 42 
relative to the closure housing 20, and the internal splines 45 
limit axial displacement of the closure housing relative to 
the upper sub 18 and upper seat retainer. The loWer seat 40 
is internally and sealingly received in a generally tubular 
loWer seat retainer 44 disposed Within the closure housing 
20. 
A generally tubular coupling 46 is engaged at its upper 

end With the actuator sleeves 30, and is threadedly attached 
at its loWer end to a generally tubular operating mandrel 48. 
Note that the engagement betWeen the coupling 46 and the 
actuator sleeves 30 constrains the actuator sleeves against 
axial displacement relative to the coupling, but does not 
prevent the actuator sleeves from displacing circumferen 
tially relative thereto When the ball 16 is rotated. In this 
manner, the operating mandrel 48, coupling 46 and actuator 
sleeves 30 axially displace together, and the actuator sleeves 
may also displace circumferentially relative to the coupling. 
When desired, the operating mandrel 48 is displaced 

axially to cause rotation of the ball 16 by creating a pressure 
unbalance acting on the operating mandrel. A circumferen 
tial seal 50 is carried externally on the operating mandrel 48 
and sealingly engages a seal bore 52 formed internally on the 
actuator housing 22. Another circumferential seal 54 is 
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axially spaced apart from the seal 50, is carried externally on 
the operating mandrel 48 and sealingly engages a seal bore 
56 formed internally on the intermediate housing 24. 

The seal bore 56 is equal in diameter to the seal bore 52, 
and atmospheric pressure is contained betWeen the seals 50, 
54. Thus, no matter the ?uid pressure in the ?oW passage 14, 
the operating mandrel 48 is not biased axially by the ?uid 
pressure acting on the seals 50, 54. HoWever, another 
circumferential seal 58 is carried externally on the operating 
mandrel 48 axially betWeen the seals 50, 54 and sealingly 
engages another seal bore 60 formed internally on the 
actuator housing 22. The seal bore 60 is someWhat larger in 
diameter than the seal bores 52, 56. 

It Will be readily appreciated by a person of ordinary skill 
in the art that if ?uid pressure greater than atmospheric is 
admitted into an annular chamber 64 formed radially 
betWeen the actuator housing 22 and the operating mandrel 
48 axially betWeen the seal 58 and the seal 54, the operating 
mandrel Will become pressure unbalanced and Will be biased 
axially upWard thereby. If the operating mandrel 48 is 
displaced axially upWard by the biasing force produced by 
such pressure unbalancing, an annular chamber 62 formed 
radially betWeen the actuator housing 22 and the operating 
mandrel Will be axially compressed, and the annular cham 
ber 64 Will be axially extended. 

In order to admit ?uid pressure into the annular chamber 
64, a rupture disk 66 is sealingly installed into an opening 68 
formed radially through the actuator housing 22. The open 
ing 68 is in ?uid communication With the annular chamber 
64, so that, When the rupture disk 66 ruptures, ?uid pressure 
on the exterior of the outer housing assembly 12 Will be 
permitted to enter the annular chamber. The rupture disk 66 
is made to rupture by applying a predetermined ?uid pres 
sure on the exterior of the outer housing assembly 12. When 
interconnected in a tubing string and positioned Within a 
subterranean Well, the exterior of the outer housing assem 
bly 12 is exposed to an annulus formed radially betWeen the 
tubing string and the Wellbore and extending to the earth’s 
surface. Thus, a predetermined ?uid pressure may be applied 
to the annulus at the earth’s surface to rupture the rupture 
disk 66, admit ?uid pressure greater than atmospheric to the 
annular chamber 64, and thereby upWardly bias the operat 
ing mandrel 48. 

The operating mandrel 48 is secured against axial dis 
placement relative to the outer housing assembly 12 by one 
or more shear members 70. In the representatively illustrated 
choke 10, a shear pin 70 is installed radially through the 
intermediate housing 24 and into the operating mandrel 48. 
When the upWardly biasing force produced by the ?uid 
pressure admitted into the chamber 64 exceeds the shear 
strength of the shear pin 70, the pin shears and permits the 
operating mandrel 48 to displace axially upWard to cause 
rotation of the ball 16. 

Preferably, the shear pin 70 is appropriately designed so 
that it Will shear at a ?uid pressure less than that at Which the 
rupture disk 66 ruptures, that is, at a pressure less than the 
predetermined ?uid pressure described above. HoWever, it is 
to be understood that the shear pin 70 may shear at a pressure 
greater than the predetermined ?uid pressure Without depart 
ing from the principles of the present invention. In that case, 
the rupture disk 66 Would rupture at the predetermined ?uid 
pressure, and then additional ?uid pressure could be applied 
to the exterior of the outer housing assembly 12 to shear the 
shear pin 70 and upWardly displace the operating mandrel 
48. 
At this point it should be noted that in a choke constructed 

in accordance With the principles of the present invention, it 
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6 
is not necessary for the rupture disk 66 to be provided. For 
example, ?uid pressure could be admitted into the annular 
chamber 64 through the opening 68 to pressure unbalance 
the operating mandrel 48, and the ?uid pressure could be 
increased When desired to a predetermined ?uid pressure, at 
Which time the shear pin 70 Would shear and the operating 
mandrel Would be displaced axially upWard to cause rotation 
of the ball 16. In the representatively illustrated choke 10, 
hoWever, the rupture disk 66 is utiliZed to maintain atmo 
spheric pressure in the chamber 64 for the additional pur 
pose of delaying initiation of a time delay mechanism Within 
the choke until the operating mandrel 48 is displaced axially 
upWard to rotate the ball 16, and so use of the rupture disk 
is preferred in the choke 10 shoWn in the accompanying 
?gures. 
When the rupture disk 66 ruptures, ?uid pressure enters 

the chamber 64 as described above. The chamber 64 is in 
?uid communication With a ?uid passage 72, Which extends 
axially doWnWard from the chamber 64 radially betWeen the 
operating mandrel 48 and the actuator and intermediate 
housings 22, 24, through a hole 74 formed axially through 
the intermediate housing, and radially betWeen the piston 
housing 26 and a generally tubular intermediate mandrel 76 
disposed Within the intermediate and piston housings. The 
?uid passage 72 terminates at an annular piston 78 axially 
reciprocably and sealingly disposed radially betWeen the 
piston housing 26 and the intermediate mandrel 76. 

It Will be readily appreciated that ?uid pressure in the ?uid 
passage 72 Will act to bias the piston 78 axially doWnWard 
When the rupture disk 66 ruptures. As shoWn in FIG. 1D, the 
piston 78 is upWardly disposed relative to an annular cham 
ber 80 formed radially betWeen the piston housing 26 and 
intermediate mandrel 76 and axially betWeen the piston 78 
and a metering piston 82. The metering piston 82 is gener 
ally annular shaped and is sealingly and axially reciprocably 
disposed radially betWeen the piston housing 26 and the 
intermediate mandrel 76. 

An ori?ce 84 is installed in an opening 86 formed axially 
through the metering piston 82. In this manner, ?uid in the 
chamber 80 may be accurately metered through the ori?ce 
84 When the piston 78 is axially doWnWardly biased by ?uid 
pressure in the ?uid passage 72. The ori?ce 84 may be of the 
commercially available type Which is inserted into an 
opening, the ori?ce may be merely a small ?uid passage 
formed in the metering piston 82, or may be otherWise 
provided Without departing from the principles of the 
present invention. 

The chamber 80 preferably contains a ?uid such as 
hydraulic oil, silicone-based ?uid, etc., Which may be rela 
tively accurately metered through the ori?ce 84 to produce 
a desired time delay range. For example, a relatively viscous 
?uid may be used to produce a relatively long time delay. 
Other adjustments may be made to produce desired time 
delays, such as, varying the restriction to ?uid ?oW through 
the ori?ce 84 by changing the diameter of the ori?ce, 
varying the effective piston area of the piston 78, etc. The 
manner in Which the time delay is utiliZed in operation of the 
choke 10 Will be more fully described hereinbeloW. 

An annular chamber 88 is formed radially betWeen the 
intermediate mandrel 76 and the piston housing 26 and 
axially betWeen the metering piston 82 and an upper end 90 
of the loWer sub 28. A generally tubular spacer 94 is 
threadedly attached to the metering piston 82 and extends 
doWnWardly therefrom in the chamber 88 to axially space 
apart the metering piston from the upper end 90. Initially, the 
chamber 88 contains air or another gas, such as nitrogen, at 
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approximately atmospheric pressure. The upper end 90 of 
the loWer sub 28 is sealingly engaged betWeen the interme 
diate mandrel 76 and the piston housing 26, the intermediate 
mandrel being axially reciprocably disposed Within a bore 
92 of the loWer sub 28. 

Agenerally C-shaped or spirally formed ring 96 is carried 
externally on the intermediate mandrel 76 axially betWeen 
the piston 78 and the metering piston 82. The ring 96 limits 
axially doWnWard displacement of the piston 78 relative to 
the intermediate mandrel 76 and, similarly, limits upWard 
displacement of the metering piston 82. It is to be under 
stood that other manners of limiting displacement of the 
pistons 78, 82 may be used Without departing from the 
principles of the present invention, for example, internal 
and/or external shoulders may be formed on the intermediate 
mandrel 76 and/or piston housing 26, etc. 

Thus, in the open con?guration of the choke 10 repre 
sentatively illustrated in FIGS. 1A—1E, the rupture disk 66 
is isolating the chamber 64 from ?uid pressure external to 
the outer housing assembly 12, the shear pin 70 is securing 
the operating mandrel 48 against axial displacement relative 
to the outer housing assembly, the operating mandrel is 
doWnWardly disposed, thereby maintaining the ball 16 in its 
open position With the opening 36 generally aligned With, 
and forming a portion of, the How passage 14, the piston 78 
is upWardly disposed, the chamber 80 is at approximately 
atmospheric pressure With ?uid contained therein, the meter 
ing piston 82 is doWnWardly disposed With the spacer 94 
contacting the upper end 90 of the loWer sub 28, the 
intermediate mandrel 76 is upWardly disposed, and the 
chamber 88 is at approximately atmospheric pressure With a 
gas contained therein. This is the preferred con?guration of 
the choke 10 as it is interconnected in a tubing string and run 
into a subterranean Well. Of course, modi?cations may be 
made to this con?guration Without departing from the prin 
ciples of the present invention. 

Referring additionally noW to FIGS. 2A—2E, the choke 10 
is representatively illustrated in its choke con?guration. In 
this con?guration, ?uid ?oW through the How passage 14 is 
restricted as compared to that of the open con?guration 
shoWn in FIGS. 1A—1E. The portion of the How passage 14 
extending through the ball 16 no longer passes through the 
opening 36—instead, it passes through a relatively small 
diameter ?oW restrictor 98 installed in an opening 100 
formed through the ball 16 orthogonal to, and intersecting, 
the opening 36. Another opening 102 is formed through the 
ball 16 axially aligned With the opening 100 and intersecting 
the opening 36, the opening 102 also forming a portion of 
the How passage 14. 

The ball 16 is shoWn in full cross-section in FIG. 2B, in 
order to more clearly illustrate the manner in Which the How 
restrictor 98 is removably installed therein, and to shoW the 
relationships betWeen the various openings 36, 100, 102. It 
Will be readily appreciated that, With the choke 10 in its 
representatively illustrated choke con?guration as shoWn in 
FIGS. 2A—2E, the portion of the How passage 14 extending 
axially through the ball 16 has been interchanged as com 
pared to the open con?guration of the choke as representa 
tively illustrated in FIGS. 1A—1E, and the How passage is 
noW more restrictive to ?uid ?oW therethrough. 

The applicants prefer use of the separate ?oW restrictor 98 
in the opening 100 for a number of reasons. For example, the 
separate ?oW restrictor 98 permits the degree of How restric 
tion to be conveniently changed by substituting another How 
restrictor therefor, the How restrictor 98 may be made of an 
erosion resistant material or other material Without the 
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8 
necessity of making the entire ball 16 of the same material, 
etc. HoWever, it is to be clearly understood that other 
manners of providing a How restriction through the ball 16 
may be utiliZed Without departing from the principles of the 
present invention. For example, the opening 100 may pro 
vide such ?oW restriction Without use of the separate ?oW 
restrictor 98, in Which case the opening 100 could be 
internally coated With an erosion resistant material or other 
material, etc. 
The How restrictor 98 is retained Within the ball 16 by a 

threaded ring 104. The How restrictor 98 is sealingly 
engaged With the opening 100 by a seal 106 carried on the 
How restrictor. Note that the opening 102 is someWhat larger 
in diameter than the How restrictor 98 and opening 100, and 
is someWhat smaller in diameter than the opening 36 and the 
remainder of the How passage 14. Thus, the opening 102 
does not present a signi?cant restriction to ?uid ?oW through 
the ball 16, but it is to be understood that the opening 102 
could be provided With a smaller diameter, so that it Would 
restrict ?uid ?oW therethrough. 

In order to rotate the ball 16 to its position shoWn in FIG. 
2B, ?uid pressure external to the outer housing assembly 12 
has been increased to a predetermined level to rupture the 
rupture disk 66. The rupture disk 66 is not shoWn in FIG. 2C, 
representing that it no longer isolates the chamber 64 from 
the ?uid pressure external to the outer housing assembly 12. 
The ?uid pressure is noW present in the chamber 64 and the 
operating mandrel 48 is pressure unbalanced and upWardly 
biased by the ?uid pressure. 

The operating mandrel 48 has been upWardly displaced by 
the upWardly biasing force, thereby causing the actuator 
sleeves 30 to displace upWardly and rotate the ball 16 into 
its position as shoWn in FIG. 2B. The chamber 62 betWeen 
the seals 50, 58 has been decreased by the upWard displace 
ment of the operating mandrel 48, and is no longer visible 
in FIG. 2C. The chamber 64 has, hoWever, correspondingly 
increased. 
The upWardly biasing force on the operating mandrel 48 

has sheared the shear pin 70. In FIG. 2C the shear pin 70 is 
shoWn in tWo pieces, the operating mandrel 48 displacing 
one of the pieces axially upWard thereWith. Thus, the oper 
ating mandrel 48 is no longer secured against axial displace 
ment relative to the outer housing assembly 12. 
With the rupture disk 66 ruptured as shoWn in FIG. 2C, 

?uid pressure from the exterior of the outer housing assem 
bly 12 is also permitted to enter the ?uid passage 72. Thus, 
the piston 78 is noW doWnWardly biased by a force produced 
by the ?uid pressure in the ?uid passage 72. Fluid in the 
chamber 80 is noW pressuriZed by the doWnWardly biasing 
force applied to the piston 78. HoWever, as shoWn in FIG. 
2D, the ?uid in the chamber 80 has not yet passed through 
the ori?ce 84 in the metering piston 82. 

Note that an upper radially outWardly extending shoulder 
108 formed on the intermediate mandrel 76 has axially 
contacted a radially inWardly extending shoulder 112 formed 
on a generally tubular extension 110 threadedly attached to 
the operating mandrel 48 and extending doWnWardly there 
from. Thus, at this point, the intermediate mandrel 76 and 
operating mandrel 48 are axially engaged With each other. In 
another Way of vieWing this, the intermediate mandrel 76 
and operating mandrel 48 are telescopingly engaged, and in 
FIGS. 2A—2E the mandrels are shoWn fully axially 
extended. Therefore, if the intermediate mandrel 76 is axi 
ally doWnWardly displaced, the operating mandrel 48 Will be 
displaced doWnWardly thereWith. 

Turning noW to FIGS. 3A—3E, the choke 10 is represen 
tatively illustrated in a reopened con?guration thereof. In 
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this con?guration, the opening 36 in the ball 16 is again 
aligned With, and forms a part of, the How passage 14. Thus, 
in the reopened con?guration of the choke 10, the How 
passage 14 has had the How restrictor 98 and opening 102 of 
the ball 16 interchanged for the opening 36, as compared tot 
he con?guration of the choke shoWn in FIGS. 2A—2E. 

The ball 16 has been rotated so that the opening 36 is 
aligned With the How passage 14 by axially doWnWardly 
displacing the operating mandrel 48. When the operating 
mandrel 48 is doWnWardly displaced, the coupling 46 and 
actuator sleeves 30 are displaced thereWith. DoWnWard 
displacement of the actuator sleeves 30 causes rotation of 
the ball 16 back to its initial position as shoWn in FIG. 1B. 
With the opening 36 again aligned With the How passage 14, 
substantially unrestricted How is permitted through the How 
passage. 

The operating mandrel 48 is doWnWardly displaced by 
doWnWard displacement of the intermediate mandrel 76. 
The piston 78 has displaced doWnWardly into axial contact 
With the ring 96, and continued to doWnWardly displace due 
to the biasing force exerted on it by the ?uid pressure in the 
?uid passage 72. The chamber 80 betWeen the piston 78 and 
the metering piston 82 has decreased in length, and so a 
substantial portion of the ?uid in the chamber 80 has been 
forced through the ori?ce 84 into the chamber 88 beloW the 
metering piston. 

The ori?ce 84 functions in part to sloW the doWnWard 
displacement of the piston 78, so that an extended time delay 
is created betWeen rupture of the rupture disk 66 and 
doWnWard displacement of the intermediate mandrel 76 to 
reopen the choke 10. Of course, this time delay may be 
predetermined by appropriate selection of the ori?ce 84 siZe, 
viscosity of the ?uid in the chamber 80, etc., and such is Well 
Within the skill of an ordinary practitioner in the art. 

In one method of using the choke 10, the choke is 
interconnected in a tubing string and positioned Within a 
subterranean Well. The choke 10 is in its open con?guration 
When initially run into the Well. When it is desired to 
perform a test on the Well, ?uids may be produced through 
the choke 10 in its open con?guration, a predetermined ?uid 
pressure may then be applied to the exterior of the outer 
housing assembly 12 to rupture the rupture disk 66 and shift 
the choke to its choke con?guration, ?uids may be produced 
through the then relatively restrictive ?oW passage 14, and 
then, after the time delay expires, the choke 10 Will auto 
matically shift to its reopened con?guration. Thus, only a 
single application of ?uid pressure is needed to perform the 
test on the Well using the choke 10. 

Referring additionally noW to FIGS. 4A—4G & 5, an 
adaptation of some aspects of the present invention to a 
conventional item of equipment used in Wellsite operations 
is representatively illustrated. The illustrated item of equip 
ment is a tester valve 120 knoWn as an LPR-N, manufac 
tured by, and available from, Halliburton Company of 
Duncan, Okla., and is Well knoWn to those of ordinary skill 
in the art. It is to be understood that the tester valve 120 is 
illustrated and described herein as an example of adaptation 
of principles of the present invention to conventional 
equipment, and for convenience due to the fact that it is Well 
knoWn in the industry and a detailed recitation of its con 
struction and operation is not needed herein. HoWever, it is 
to be clearly understood that a Wide variety of other items of 
equipment may incorporate principles of the present inven 
tion Without departing therefrom. 

It Will be readily appreciated that an upper portion of the 
tester valve 120 shoWn in FIGS. 4A—4B is in many respects 
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10 
similar to an upper portion of the choke 10 shoWn in FIGS. 
1A—1B. The tester valve 120 includes a closure member, or 
ball 122, Which may be rotated relative to an axial ?oW 
passage 124 extending through the valve. The ball 122 has 
an opening 126 formed therethrough, the opening having a 
diameter and How area approximately equal to that of the 
How passage 124, so that the opening does not signi?cantly 
restrict ?uid ?oW therethrough. 
The ball 122 also has a How restrictor 128 installed in and 

sealingly engaged With an opening 130 formed through the 
ball and intersecting the opening 126. As shoWn in FIG. 4B, 
the opening 126 is aligned With the How passage 124, so that 
the opening 126 forms a part of the How passage. HoWever, 
When the ball 122 is rotated With respect to the How passage 
124 to align the opening 130 With the How passage, the How 
restrictor 128 Will form a part of the How passage and Will 
substantially restrict ?uid ?oW therethrough. Another 
opening, similar to the opening 102 shoWn in FIG. 2B, is 
formed through the ball 122 to permit ?oW therethrough 
When the How restrictor 128 is aligned With the How passage 
124. 

It Will, thus, be readily apparent to one of ordinary skill in 
the art that principles of the present invention may be 
incorporated into a variety of conventional items of equip 
ment used in Wellsite operations. Preferably, items of equip 
ment so adapted Will include a generally tubular housing 
With a How passage extending generally axially through the 
housing, and a closure member displaceable relative to the 
How passage. HoWever, it is to be clearly understood that the 
housing may be other than tubular shaped, the How passage 
may extend in directions other than axial, and the closure 
member may be other than a spherical member, Without 
departing from the principles of the present invention. 

Referring additionally noW to FIG. 6, a method 140 of 
using an annular pressure operated choke is representatively 
illustrated. TWo annulus pressure operated chokes 142, 144 
are shoWn interconnected in a tubing string 146 extending to 
the earth’s surface. TWo ?uid sampling devices 148, 150 are 
shoWn interconnected in the tubing string 146 beloW the 
chokes 142, 144, but above a packer 152 sealingly engaged 
betWeen the tubing string 146 and protective casing 154 
lining the Wellbore. The packer 152 is set in the casing 154 
above a productive formation, or interval of a formation 156, 
intersected by the Wellbore. 
The chokes 142, 144 may be similar to either of the 

chokes 10, 120 described hereinabove. The ?uid sampling 
devices 148, 150 are conventional and are of the type Which 
admit ?uid from the interior of the tubing string 146 into 
sample chambers disposed therein. TWo such ?uid sampling 
devices 148, 150 are shoWn in FIG. 6, but it is to be 
understood that a single ?uid sampling device having sepa 
rately operable multiple chambers therein may be substi 
tuted for the multiple sampling devices. 

Initially, ?uid (indicated by arroWs 158) may be ?oWed 
from the formation 156, into the tubing string 146, through 
the chokes 142, 144, and to the earth’s surface through the 
tubing string. At this point, each of the chokes 142, 144 is 
in its open con?guration, in Which ?uid ?oW therethrough is 
substantially unrestricted. When it is desired to perform a 
test, one of the chokes 142, 144 may be actuated to restrict 
?uid ?oW therethrough, the choke being actuated by apply 
ing a predetermined ?uid pressure to an annulus 160 formed 
radially betWeen the tubing string 146 and the casing 154. 
With one of the chokes 142, 144 actuated so that it is in 

its choke con?guration, one of the ?uid sampling devices 
148, 150 may be actuated to collect a sample of ?uid 158 








